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Stability of copper(II) complexes of sulfur and
selenium antioxidants
Jaime M. Murphy, Brian A. Powell, and Julia Brumaghim

Clemson University, Clemson, SC 29634-0973
Potentiometric Determination of Cu2+ Stability with Amino Acids and Imidazole Thiones

Overview of Oxidative Damage and Sulfur and
Selenium Antioxidants

Conclusions
• A limited correlation between the stability constant of the ML2
amino acid species and copper-mediated DNA damage
prevention, but no correlation exists for the ML species.

• Oxidative damage is a primary contributor to Parkinson’s disease,
Alzheimer’s disease, cancer, and heart disease (Figure 1). 1

• Copper(II)-amino acid complexes have relatively high stability
constants, indicating a high probability of complex formation
in cells, but sulfur or selenium binding likely does not
contribute to complex stability.
• As Cu(II)-amino acid complex stability increases, the IC50
value increases, indicating that Cu2+ complexation does not
improve the ability to prevent copper-mediated DNA damage..

• Copper and iron localize on DNA and can produce highly
damaging hydroxyl radical that damages DNA (Figure 2).2
Figure 2. Metalmediated hydroxyl
radical production.

DNA damage

Figure 4. Speciation model (colored lines) and titration (black line) for
the potentiometric titration of a 2:1 methimazole(MIM) to copper
solution with 0.1 M NaOH. Precipitation occurred above pH=6.

Results and Discussion

• For all of the Cu2+-amino acid solutions analyzed, models indicated that three species were present through the titration – CuL+,
CuL2, and CuLOH, wit h the CuL2 species prevalent at biological pH (Figure 3).
• For the Cu2+-methimazole solution, two species were identified, [ Cu(MetIm)]2+ and [Cu(Metim)2]2+ (Figure 4), but precipitation
occurs at pH=6, indicating a high stability for the 1:2 complex as the solution approaches biological concentrations.

• While these antioxidants inhibit copper-mediated oxidative
damage by binding copper, the mechanism of action is more
complicated than just ligand protection (Figure 8). The ligands
must also be acting sacrificially.
• The high stability of methimazole complexation may have
implications for hyperthyroidism patients, since this
hyperthyroid drug may significantly impact copper
metabolism.

Spectrophotometric Determination of Cu2+-dmit Stability

• Sulfur and selenium compounds inhibit copper-mediated
oxidative damage of DNA according to in vitro experiments.3,4, 5
• Amino acid and imidazole selone and thione compounds show
promise as antioxidants, but likely function through different
mechanisms.3,4
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• Research to elucidate these antioxidant mechanisms is underway
and may be two-fold: reactive oxygen species scavenging through
sacrificial oxidation, and metal complexing to prevent redox. 6
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Figure 1. The progression from
oxidative damage to disease.

Figure 3. Representative speciation model (colored lines) and titration
(black line) for the potentiometric titration of a 2:1 glycine to copper
solution with 0.1 M NaOH. Speciation plots modeled through
HYPERQUAD.20137

• Copper(II) is more likely to complex amines than thioethers,
selenoethers, or thiones.
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Figure 5. The spectrophotometric titration of CuSO4 (20mM) with dmit
(40 mM). Species A (absorbance maximum at 462 nm) is maximal at a 1:1
ratio, but is not yet identified. Species B (absorbance maximum at 612 nm)
is [Cu(dmit)]2+ , with a log β of 1.9±0.1
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Figure 6. Graph illustrating the increasing presence of species A and B as
the concentration of dmit increases as relative to copper(II).

Future Directions

Results and Discussion
•
•
•
•

Figure 8. Schemes of two possible contributing mechansims for the
interaction of sulfur and selenium antioxidants with biologically relevant
metal ions such as copper(II). The blue spheres represent copper
localization on the DNA backbone. The “parachute” represents ligand
binding, preventing hydroxyl radical formation.

Spectrochemical determination was necessary because the thione did not protonate, even under highly acidic conditions.
The selone moiety did not display any spectrochemical shift in the visible range at the concentrations analyzed.
Only one species could be matched under modeling conditions, the species [Cu(dmit)]2+, with a very low stability constant.
There is evidence for another species that has not been identified, but maximizes at 1:1 Cu:L, indicating that it may be a multinuclear
or bridging species with low stability.

•

Expand the titration data using substituted imidazole thiones
and selones to determine ligand electronic effects on copper
binding stability..

•

Identify the binding mode of the copper(II)-methimazole
complex by IR, Raman, and/or crystal structure data.

•

Determine the stability constants of these sulfur and
selenium antioxidants with copper(I) using glovebox
titrations.

•

Determine stability constants of sulfur and selenium
antioxidants with iron(II) using solubility measurements.

•

Elucidate the oxidation mechanisms and products for these
copper complexes with sulfur and selenium antioxidants.

Antioxidant Capability vs. Stability

Experimental Design
Potentiometric titrations: Solutions of Cu(NO3)2 ·3H2O, glycine,
methionine,
methylcysteine,
selenomethionine,
methylselenocysteine, and methimazole were prepared in 1:1 and
1:2 ratios of metal:ligand with metal concentrations at 1.0 mM
and a constant ionic strength of 0.1 M NaClO4. 0.1 M HCl was
added to bring the solution pH down to 2-3 and were bubbled with
Ar for 15 minutes. The solutions were then titrated with CO2-free,
NIST standardized 0.1002 M NaOH utilizing a Thermo Sureflow
electrode with 0.1 M NaCl filling solution at 25˚C connected to a
905 Titrando with an 800 Dosino autotritraor until precipitation
was visible.
Spectrophotometric titrations: Solutions of 20 mM
CuSO4·7H2O and 40 mM N,N’-dimethylimidazole thione (dmit) in
0.1 M Na2SO4 were prepared. The copper concentration was
verified by ICP-OES. The copper solutions were then titrated with
the dmit solution and UV-visible spectra (350-900 nm) were
obtained with each addition at a constant temperature of 25˚C.
The data was analyzed and speciation models determined using
HYPSPEC2014.7

Ligand (L)
Gly
Met

LH (pKa)
2.28±0.04
2.09±0.01

LH2 (pKa)
9.67±0.02
9.20±0.01

CuL (log β)
8.26±0.01
7.96±0.05

CuL2 (log β)
15.10±0.05
14.65±0.07

IC50 (μM)4,5
22.2±1.1
11.02±0.02

SeMet
MeCys

2.05±0.01
2.02±0.05

9.29±0.02
8.79±0.02
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SeMeCys
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MetIm

2.3±0.2
11.39±0.01
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-

8.1±0.1
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We focused on determining the stability constants for Cu(II)
binding of sulfur and selenium antioxidants in aqueous conditions
by potentiometric or spectrophotometric determination.
Correlations of stability constant and antioxidant capability, as
previously determined by gel electrophoresis, are examined, as well
as the likelihood of each complex forming in vivo.

Table 1. pKa, stability constant (log β), and IC50 for sulfur and selenium antioxidants tested in this study.
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Figure 7. Graph A exhibits the trend between
the stability of the ML2 species and the inhibitory
concentration of 50% of oxidative damage (IC50)
for the amino acid antioxidants. Graph B shows
that there is clearly no trend between the stability
of the ML species and the IC50 for the same
amino acids.

• Little difference is observed in stability of Cu2+-amino acid complexes (Table 1), regardless of the thioether/selenoether moiety, likely
indicating primarily O and N interactions with the metal center.
• Glycine, the only amino acid tested without sulfur or selenium, had the highest stability for the ML and ML2 species.
• A weak correlation trend exists between the stability of the ML2 species and the antioxidant abilities of the amino acids (Figure 7).
• For the imidazole compounds, the dmit only weakly associates with Cu2+, but the [Cu{MetIm)]2+ and [Cu(MetIm)2]2+ species are very
stable.
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